The mitochondrial DNA of the European rabbit (Oryctolugus cuniculus) contains a tandem array of 153-bp repeats in the vicinity of the replication origin of the H-strand. Variation among molecules in the number of these repeats results in inter-and intraindividual length polymorphism (heteroplasmy). Generally, in an individual, one predominant molecular type is observed, the others representing a low percentage of the mtDNA content. At the tissue level, we observe a particular distribution of this polymorphism in the gonads compared with liver, kidneys, or brain, implying a relationship between the differentiation status of the cells and the types of new mtDNA molecules which appear and accumulate during lifetime. Similar tandem repeats were also found in the mtDNA noncoding region of European hares (Lepus europaeus), a cottontail (Sylvilugus~oridunus), and a pika (Ochotonu rufescens). The lengths and the sequences of these units evolve rapidly and in a concerted way, but the number of repeats is maintained in a narrow range, and an internal 20-bp segment is highly conserved. Constraints restrict the evolution of the primary sequence of these repeated units, the number of which is probably controlled by a stabilizing selection.
Introduction
Tandernly repeated noncoding sequences of various lengths are present in most eukaryotic genomes studied so far. The sizes of these clusters vary from two to thousands of repeat units. Some of them are located at specific chromosome sites, such as centromeric and telomerit regions, while others are interspersed in the genome. Biological functions have been documented for some of them: telomeres are necessary for the complete replication of the nuclear genome (Blackburn 1991) ; tandem repeats can act as transcription enhancers (Reeder 1984) ; cx satellites are implicated in the precise segregation of the chromosome (Willard 1990 ); some minisatellites are probably signals for recombination (Jeffreys, Wilson, and Thein 1985; Collick and Jeffreys 1990) ; variation of the number of repeated sequences at the Responder locus may affect the fitness of the fly Drosophila melanogaster (Wu, Ti-ue,and Johnson 1989) .
TandemIy repeated noncoding sequences are also found in the mitochondrial genome in an increasing number of species (reviewed in Rand 1993) ; however, such observations were initially considered as exceptions. Indeed, the human mitochondrial genome, the first sequenced (Anderson et al. 1981) , showed considerable economy and "small is beautiful" became the dogma. This implicitly supported the view that, when present, repeated sequences are devoid of biological functions, and selective constraints control their amplification.
In Drosophila (Solignac et al. 1984) , intraindividual and interindividual length polymorphisms are due to variation in the number of tandemly repeated sequences present in the mtDNA A+T-rich region. Genetic analysis showed that shorter molecules increased in frequency through successive generations. The study of a similar heteroplasmic situation in crickets has also led to the conclusion of selection for shorter molecules (Rand and Harrison 1989) . However, in contrast with their initial observations, Solignac et al. (1987) noticed an increase in the frequency of the longer type in the germ cell line during the adult life of the fly. In then first study, the reproducing females were always young. and the decrease in the frequency of longer mtDNA molecules over successive generations reflected mainly the cumulative effects of what happens in the germ cells during development. Therefore, the evolution of mtDNA frequencies depends on generation time. The mean percentage of longer mtDNA molecules will decrease under a short generation system but increase under a long one.
In the European rabbit Oryctolagus cuniculus, two stretches of repeated motifs (153-bp long repeats [LR] and 20-bp short repeats [SRI) in the vicinity of the replication origin of the mitochondrial DNA H-strand have been reported (Ennafaa et al. 1987; Mignotte et al. 1990; Biju-Duval et al. 1991) (fig. 1) . A high mutation rate (= 10m2 changes per animal generation) of the LR in somatic cells generates a systematic intraindividual length polymorphism, the distribution of which has a particular feature: the vast majority of mtDNA molecules contain five long repeats (mtDNA-SLR); shorter and longer mtDNA molecules are rare .
In this study, we present data about the polymorphism in the gonads and some other tissues (liver, kidneys, and brain) of five old animals. This analysis, with those obtained in the previous work , allows us to definitively establish the particular distribution of the polymorphism in the gonads with regard to the others organs, i.e., shorter mtDNA molecules are more abundant than the longer ones in the liver, kidneys, and brain, but the inverse occurs in the gonads. We then examine the range of variation in the number of LRs present in the predominant mtDNA type in Oryctolagus cuniculus species and some other lagomorphs in order to check whether the number of LRs (5 LR) initially observed in the mtDNA major form was an artifact due to the genetic origin of the animals or whether this 780 Casane et al.
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FIG. l.-Z-ZinfI restriction map of the rabbit mtDNA noncoding region and locations of primers. Abbreviations and symbols: 1 lL, cloned mtDNA fragment used as a probe for the long repeats; LR, long repeats; SR, short repeats; T, threonine tRNA gene; R proline tRNA gene; E phenylalanine tRNA gene; CYTb, 3' end of cytochrome b gene; Ou, H-strand replication origin; nc3, csb2, ncl, phel, ncocho, and csb3, primers; #, primer bclrl; *, primer bcld. form has been maintained by some stabilizing selection. In this case, stabilizing selection refers to a selective advantage for molecules bearing a number of repeats around an optimal value which prevents both the disappearance of the repeats and any large increase in number. We also question the selective neutrality of the primary sequence of the repeated motifs, testing whether some selection acts to maintain unchanged some DNA domains through time.
The results reported here suggest a control of the number of repeats in the mtDNA molecules transmitted by the germ cells, implying stabilizing selection and a strong constraint against any substitution in an internal 20-bp domain, although substitutions occur rapidly everywhere else in the sequence of the repeated motif.
Materials and Methods

Origins of the Animals
The domestic rabbits belong to a New Zealand strain (Oryctolugus cuniculus) described in Casane et al. (1994) . The other individuals (Oryctolugus cuniculus) are wild animals that were trapped in France, Spain, and Tunisia. Thirteen hares @pus europaeus) came from a stock of the Institut National de la Recherche Agronomique, which was built up with animals from the former Czechoslovakia and France. The cottontail (Sylvilugus Jloridunus) was provided by a private farm in France, and the pika (Ochotonu rufescens) was provided by the LPTF-CNRS laboratory (Biju-Duval et al. 1991; Monnerot et al. 1994 ).
Analysis of Intratissue Polymorphism
Extraction of mtDNA and precise quantification of mtDNA types defined by the number of repeats were carried out as described in a previous paper .
Detection of the Major Types
We used two sets of primers surrounding the repeats, ncl and phel or csb2 and phel ( fig. 1) : ncl: 5'-AACCAAGAATCACCGCACAG-3'; csb2: 5'-GAATT-TATCCACCAAACCC-3'; csb2li: 5'-GAATATATCCA-CAAACCCC-3' (hare specific); csb2ocho: 5'-AAG-TATCTCAACAAACCCC-3' (pika specific); phe 1: 5'-CTCATCTAAGCATTITCAGTG-3'.
The sequences from the liver mtDNA were amplified in a PCR buffer supplied by Promega (50 mM KCl; 10 mM Tris-HCl, pH 9.0; 0.1% Ti-iton X-100), 1. fig. 1 ): nc3: 5'-CGGTTTGGGGTTTTTGTTGT-3'; phel: see above. The conditions are as described above except for the composition and number of the cycles: 95"C, 1 min; 55"C, 45 s; 72"C, 2 min (34 cycles).
DNA Cloning and Sequencing
The PCR products were end-filled with.DNA polymerase I, treated with polynucleotide kinase, and ligated into phosphatase-treated SmuI-digested pBluescript KS+ vector (Stratagene). The ligation mixture was used to transform competent Escherichiu coli XLl/Blue cells, and single recombinant colonies were isolated. Sequencing of two independent clones for each animal was performed with a T7 sequencing kit (Pharmacia) on doublestranded templates using a set of internal primers: ncl, csb2, csb2li, csb2ocho, and ncocho (fig. 1): ncocho: 5 ' -CATGAACTTGGGAAGGAAGCC-3'; nc 1, csb2, csb2li, csb2ocho: see above.
Direct Sequencing of the Cottontail Repeated Sequences
The cottontail repeated sequences were amplified with the primers bclrl and bch-2 (fig. 1): bclrl: 5'-CCAATACTGACATAGCACTC-3'; bch-2: 5'-AAGTG-CTATGTCAGTATI'GT-3'.
Single-stranded DNA was obtained by asymmetric PCR, using 1 l.~l of the previous PCR and adding only one primer (b&l or bclr2). PCR is as described above except for the composition and number of the cycles: 95"C, 1 min; 55"C, 40 s; 72"C, 1 min (25 cycles). Sequencing of single-strand DNA was performed with a T7 sequencing kit (Pharmacia).
Sequence Alignment
Multiple sequence alignments were made with the Pileup Program from the University of Wisconsin Genetics Computer Group (Devereux, Haberi, and Smithies 1984) . The gap weight was set to 5 and the gap length weight was set to 0.3.
Distance Estimation
Kimura two-parameter distances between repeated sequences, omitting indels, were estimated using MEGA vl .Ol software (Kumar, Tamura, and Nei 1993) .
Computer Simulation
Programs were written in FORTRAN and were run on a VAX 6000-310 computer. The theoretical and experimental reasons which led us to run the simulations the way we did and using the mutational model described below will be presented in the Discussion. We considered the following simple model: A single mt- The results (number of animals) are presented with regard to the RFLP genotypes (organized in a network using a parsimony method, Monnerot et al. 1994 ) and the numbers of units in the major mtDNA types (which varied between four and eight). Animals that carry two major forms in equivalent quantities are registered as 4/5, 5/6, 617, or 718 because they always differed by one unit only. The range of variation in the number of repeats within some RFLP genotypes is nearly equal to that observed for the whole set of data.
of the rare types, which are generated by mutation on the mtDNA-SLR molecule, in the tissues where the mtDNA turnover rate is higher. Obviously, this hypothesis does not explain that insertions predominate in the gonads and deletions in the other tissues. We previously suggested that the higher frequency of mtDNA-4LR in the liver than in the kidneys is better explained by selection for this mtDNA type than by variation of the mutation rate from mtDNA-SLR to mtDNA-4LR in these organs .
The mtDNA turnover rates in various tissues have been determined for the rat: the half-life of mtDNA molecules is 9.4 days in the liver, 10.4 days in the kidneys, and 31 days in the brain (Gross, Getz, and Rabinowitz 1969) . If we assume that the values in the rabbit are similar, or at least similar in ratio, fewer minor types should be observed in the brain than in the kidneys and liver, with little or no difference in the last two organs. Again, experimental data do not support this expectation: polymorphism distributions are very similar in the brain and kidneys, and short mtDNAs accumulate faster in the liver. Therefore, turnover rates are probably not the key factor of the observed tissue-specific differences, but these differences may be attributed to tissue-specific mutation rates and/or selection pressures. Figure 5 shows the frequency distributions in the liver and in the ovaries of a female. They are representative of those found in these organs of old animals. In the liver, the frequency of the mtDNA-4LR is higher than the one of the mtDNA-3LR, which is itself higher than the frequency of the mtDNA-2LR. As mtDNA-SLR molecules are the main source of mutating molecules, because they constitute the major type, this suggests a mechanism of deletion generating more frequently a deletion of one unit than of two units at once, a deletion of two units being itself more frequent than a deletion of three units. In the gonads, the distribution of mtDNA types with more than five repeats is more difficult to interpret in terms of mutation rates. It is necessary to assume that the rate of insertion of two or three units is higher than those of only one or more than three. Other explanations could be: (1) The insertion rates of one to five repeats are similar, but in the gonads (or in some cell lines in these tissues) there is another repeat number optimum around seven or eight. A selective advantage to the mtDNA bearing seven or eight repeats can explain the bell shape of the distribution of the 6-to lo-repeat mtDNA types. (2) The different ratios of repeat units could be the result of differing ratios of cell types in each organ, according to the fact that liver, brain, kidney, and gonad are complex mixtures of cell types. However, these alternative hypotheses cannot currently be tested.
Stabilizing Selection on the Number of Repeats
There are only two families of lagomorphs, the Leporidae (including the rabbits, hares, and cottontails) and the Ochotonidae (the pikas). There is no species of lagomorphs less related to rabbits than the pikas. The LR tandem repeats have been found in all the lagomorphs studied so far, and they are likely to be present in all species of lagomorphs. Figure 4 shows that the range of variation for the number of repeats in the pre- These distributions are the consequences of a systematic process taking place during aging. In the liver and the gonads, the frequency of the mtDNA-SLR type decreases and the frequencies of the minor types increase. In the liver, there are more shorter types than longer types; the situation is reversed in the gonads.
dominant molecular form in a given RFLP maternal lineage (A4 or Bl for instance) is almost as large as that of all lagomorphs. Among the hundreds of rabbits we have examined, we have never found predominant mtDNA molecules with only one LR sequence. In every domestic rabbit (n = 172; Casane et al. 1994) , the predominant mtDNA type contains 5 LR. The sample of wild rabbits (n = 125) studied here shows more variability ( fig. 4) : the number of repeats in the predominant mtDNA type varies from four to seven. The number of repeats in the predominant mtDNA type varies from four to eight in the animals of other lagomorph species ( fig. 4) . At the tissue level, mtDNA types bearing two to nine repeats are found (for examples, see table 1). It seems that the mtDNA types wazzu which can be the predominant ones are contained in a more narrow range of length variation. This set of observations is surprising with regard to theoretical models concerning the fate of tandem arrays. Stephan (1986) has shown that in a situation with (1) a high mutation rate, (2) a low number of repeats, (3) no selection imposing a rninimal array size, and (4) an upper limit to the number of repeats, a cluster of repeats should be rapidly lost. Experimentally, such a case has been documented by Brown et al. (1996) in their study of the length variation of a tandem repeat array in the mtDNA of several species of sturgeon. In these molecules, an upper limit to the number of repeats is likely because each repeat contains a termination-associated sequence involved in the regulation of the mtDNA replication.
A considerable variation of the length distribution is observed between species. In all of them, mtDNA molecules with only one repeat are found, and in one, this mtDNA type is the overwhelming majority (the array could be on the way to its elimination). We examined by computer simulations (see Muterials and Methods) under what conditions a similar evolutionary process would yield, in rabbits, a polymorphism pattern similar to the observed one. We considered five mitochondrial lineages (two A and one B from rabbits, one from hare, and one from pika). As in some theoretical studies (Walsh 1987; Stephan 1989) , a single molecule is followed in each lineage instead of an entire population.
In our case, this choice is justified by the following considerations: first, in the germ cell, the mean time to fixation (tF) of a new mtDNA mutation is: tF( l/n) = 2n,, where n is the actual number of molecules and nM is the effective population size of mtDNAs in successive germ cell generations (Chapman et al. 1982) . The effective number of mtDNAs in rabbit germ cells is probably less than 1,000 molecules, and the number of germ cell divisions by animal generation is about 20 . The mean time to fixation of a new mutant then is about 100 animal generations (200 years) or less. Second, the mtDNA lineages compared are separated for tens of thousands or millions of animal generations.
The estimated time of divergence between two rabbit mtDNA lineage A's is 250,000 years. The estimated time of divergence between a rabbit lineage A and a rabbit lineage B is 2.5 Myr. The estimated time of divergence between a rabbit lineage A and a hare lineage is 7 Myr. The estimated time of divergence between a rabbit lineage A and a pika lineage is 25 Myr (Biju-Duval et al. 1991; Wood 1957, fig. 6A ). Consequently, the coalescence time of all the mtDNAs in an individual (at the end of a lineage) is short compared to the time of divergence of the various lineages. In other words, all the molecules in one animal have a common ancestor which "lived" recently compared to the separation time of the lineages, and no molecules from two lineages share an ancestor molecule more recent than two molecules in one lineage. In brief, it is not necessary to take into account the entire population of molecules transmitted through a germ cell line lineage.
Both in A and B RFLP genotypes, we found one, two or three mtDNA types which differ by one or two repeats ( fig. 4) , suggesting that the mutation mechanism, in the germ cell line, essentially generates molecules by insertion or deletion of a single repeat at once. This model is consistent with the observation that animals with two predominant molecular types always differ by only one unit ( fig. 4) , and such cases are considered as transient states before the fixation of one type. There is no obvious reason to suspect any bias toward insertion or deletion in the germ cell line on the basis of these data. In the simulation, the mutational changes could then go by gain or loss of one unit at a time. The results of three different simulations are reported in figure 6B . We considered three mutation rates: 10p3, 10e5, and low7 changes per generation (the generation time is 2 years), and the following two assumptions were made: (1) the ancestral mtDNA molecule has five repeats, and (2) one repeat copy is an absorbing boundary because a duplication of a unique DNA sequence is very improbable compared to the insertion or deletion of a repeat in an existing array.
The distributions of the repeat numbers after different time periods are then compared with our data. For a mutation rate of 10e3, the repeated sequences are lost in most lineages after 250,000 years, and even more so after 25 Myr. This is observed even without postulating an upper limit to the number of repeats that would accelerate the process. A mutation rate of lop5 is also too high to allow the persistence of the repeated cluster after 25 Myr. Only a mutation rate lower than 10e7 is compatible with the presence of the repeated sequences in all the lineages after 25 Myr. However, in that case, the polymorphism in the rabbit A or B lineages would be very limited or nonexistent, and we should not observe any diversity inside A or B RFLP lineages. This is not the case. Other simulations with biased mutation rates (toward insertion or deletion), with varying numbers of repeats in the ancestral molecule, and without an absorbing boundary (a probability of generating a duplication from one copy varying between lo-* and 10w5) failed as well (data not shown). Thus, the simple evolutionary model simulated, no constraint on the number of repeats, does not fit with the observed data.
The alternative model is more likely: The major mtDNA type length polymorphism, observed in several RFLP genotypes, is explained by a high mutation rate in the germ cells (around lo-* per animal generation as estimated in the somatic cells in Casane et al. 1994) , and stabilizing selection prevents both the disappearance of the repeats and any large increase in number during long-term evolution.
Sequence Comparisons
If a stabilizing selection counteracts the effect of a high length mutation rate and maintains the number of repeats in a narrow range in all lineages, it should lead to a high similarity among repeats on the same molecule and concerted evolution.
On the contrary, if this hypothesis is incorrect, the narrow range of variation in the whole sample could be due to a length mutation rate around 10e7. In consequence, repeated units on a molecule should diverge one to another because this length mutation rate is similar to the nucleotide substitution rate in the noncoding region of the mitochondrial genome (10e7 or lop8 nucleotide substitutions per site per year).
Despite differences between the repeated sequences found in different animals (figs. 7 and S), sequence identity is found between the repeats present in each molecule of rabbits or hare, and two cloned molecules of the same animal yield the same LR sequences ( fig. 7) . Similarly, in the repeats of the pika, no substitutions were found, but the fourth unit lacked the last 31 bp, probably due to a deletion (a PCR amplification of total DNA confirmed that this character is shared by all the molecules of this animal, data not shown). In other words, the data suggest the occurrence of a very efficient concerted evolution of these repeats. When compared be- tween species, the primary sequences exhibit considerable changes, and this supports the hypothesis of a high length mutation rate associated with a control of the number of repeats around an optimal value.
Sequence Evolution
A detailed examination of the pattern of divergence of the repeated units was carried out. All the repeats from one animal being identical, only one repeat from one animal was aligned and compared with those of the other animals ( fig. 8 ). This comparison involves sequences from two rabbits (pOcc and Lo13), a hare (Lil), a pika (Ocho), and a cottontail (Sylvi). The repeated units were found to vary in length from 124 bp (Sylvi) to 178 bp (Ocho). Substitutions accumulate roughly at a rate similar to that observed at the third position of the 3' end of the cytochrome b gene: around 10% between the A and B lineages with a prevalence of transitions over transversions (Hardy et al.. 1995) . In the comparison of the pOcc/Lol3 sequences, one indel of 1 bp and 16 substitutions were found. Curiously, a segment of 20 bp is strictly conserved between species, although the rest of the sequences have diverged considerably ( fig. 8) . Table 3 shows the Kimura two-parameter distances (the probabilities of a change at a given site) between these sequences (aligned as in fig. 8 ). Even using other alignment parameters (gap weight 2.0 and gap length weight 0.1, for instance), the distances were still very high. The probability of no substitution in a 20-bp domain between the sequences pOcc and Lil is (1 -0*45)2O = 6.4 X 10e6, and it reaches (1 -0.86)20 = 8.3 X 10-l* between the sequences pOcc and Ocho. No other conserved domain is observed when all the sequences are taken together ( fig. 8 ). This argues in favor of selection against any substitution in the 20-bp domain and could allow one to propose a functional role for this DNA segment.
Tandem Repeats Involvement in Transcription
In rabbit mtDNA, each LR repeat contains an L-strand (LSP) and an H-strand (HSP) mtDNA promoter of transcription (Dufresne, Mignotte, and Gueride 1996) .
TGCACCTTCA CAATACTGAC ********** ********** CCTACCCCCC CACTAAGTAA ATTCATTGCC CCAAGACAAT GAATAGACTA TGCATGTTAA TTTCCTGCCA let LR TTTACTTAGA CTAAATTTTA AACCTCCTTT CCCACCTCTA AGTCAGATAG TTCAAGGGGC CTAAATTTTG ** ********** ********** ********** ********** *******jr** ATAGCACTCT AGCCCTTTTT TTCTTTTTAA CAGACTTAAC TCAATTAAAT ACAAATCGTA TATCATTTAG ********** ********** ********** ********** ********** ********** **********
TTCCAAMAT CTCCTAAATT **** ********** ********** ********** ATTTGTAAAA CCTTCCATTT TTTGGAATTT AAAACGCACC TTTACAATAC TGACATAGCA CTCTGCCCTT TATTTCCCCT CCAACAGGCA ********** ********** ********** ********** ********** ********** ********** ********** *SF********
ACCCCMAAA TCTCACAAAA ********** CTCTTTTGGC ********** CAGACTAGAG ********** csb2
AATTAGGCTT AGCAGACTAG ********** ********** GGGCTAGGCC ATTAGGGACA ********** ********** ATTTTAATTT TTATTTTATG ********** ********** CCATAAAAGT TACACTAACA GGTAACACAG GGTAMATAC AGATTTTAAT TTTTATTTTA ********** ********** TTAACTAGAA CTTCTTCCTC ********** ********** GTAATTAATT GGTCCCACAA ********** ********** AATTCCTATT GACTAATAGG AACGCCCGAA TAAGCTTGAT 1st LR ATCCAACTAC CTTTATACAT CTAACTAACA ATCACACGCA ******* ********** TGGTAATTAA TTGGTCCCAC AATACTGACA TAGCACTCAA ********** ********** ********** *SF******** apd LR (not entirely sequenced)
CACTAACAAT CACACGCAAC CCACAAAATC TCACAAAAAA ********** ********** ********** ********** zuxcccAAAA PLAATTTAAAA ********** ATTAGGCTTA GCAGACTAGA GATTTTAATT TTTATTTTAT ***** ********** ********** ********** ********** GGTAATTAAT TGGTCCCACA ATACTGACAT AGCACTCAAA AAATCATTTC TCTTTTGGCG GGCTAGGCCA TTAGGGACAT TAACTAGAAC TTCTTCCTCC ********** ********** ********** ********** ********** ********** ********** ********** ********** ********** qth LR (31 bp at the 3' end are deleted) ACTAACAATC ACACGCAACC CACAAAATCT CACAAAAAA T TAGGCTTAGC AGACTAGAGA TTTTAATTTT TATTTTATGG TAATTAATTG GTCCCACAAT ********** ******it*** ********** ********** ********** ********** ********** l ********* ********** ********** ACTGACATAG CACTCAAAAA ATCATTTCTC TTTTGGCGGG CTAGGCCCGC CCNNTAGGGA TATTAACTAA GGCTTCCTTC CCAAGTTCAT GTAGCTTATA ********** ********** ********** ********** ******* CTATAAAGCA AGOG-p h e 1
FIG.
7.--Sequences of the mtDNA noncoding region between primers csb2 and phel for three lagomorph species. Plain text: noncoding sequence; bold sequence: phenylalanine tRNA sequence. A, Rabbit (Lo13: RFLP genotype A5). The second LR, fourth LR, and fifth (last) LR have also been completely sequenced and are identical to the first repeat. EMBL accession numbers: X89060, X89061. B, Hare (Lil: RFLP genotype Lel).The second LR, sixth LR, and seventh (last) LR have also been completely sequenced and are identical to the first repeat. EMBL accession numbers: X89062, X89063. C, pika (Ocho). EMBL accession numbers: X89064, X89065.
This creates multiple possibilities for control of transcription and of replication (since transcription from the LSP promoter forms primer RNA for initiation of DNA replication of the H-strand). Such controls are mediated by proteins such as mtTFA (Chang and Clayton 1984) . In human and mouse, this molecule binds specifically to two related sequences between the LSP and HSP promoters. They are similar enough to be thought to have derived from the duplication of a single ancestor. However, they are not conserved among mammals (Fisher and Clayton 1988; Fisher, Parisi, and Clayton 1989; Parisi and Clayton 1991) . The initial binding of mtTFA is followed by non-sequence-specific binding of this protein at regularly phased intervals throughout a SOO-bp region encompassing the D-loop DNA origins and the two promoter regions (Ghivizzani et al. 1994) . We propose that, in Lagomorphs, the 20-bp conserved block is the actual binding site of such a protein. If this is correct, 
